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$2.4 PMF receptor model

Detailed concepts and applications of PMF model for source apportionment were described in
EPA PMF 5.0 Fundamentals and User Guide (http://www.epa.gov/heasd/research/pmfhtml). In
principle, the PMF model is based on the following equations:
Xij = YV_, Aik Fkj + Rij Egl
where Xij is the concentration of the jth congener in the ith sample of the original data sets; Aik is
the contribution of the kth factor to the ith sample; Fkj is the fraction of the kth factor arising from
congener |; Rij is the residual between the measured Xij and the predicted Xij using p principal

components.

Xij-¥h_, Aik Fkj

2
Si; )“ Egl2

Q= Z?=1 7]n=1(
where Sij is the uncertainty of the jth congener in the ith sample of the original data sets
containing m congeners and n samples. Q is the weighted sum of squares of differences between
the PMF output and the original data sets. One of the objectives of PMF analysis is to minimize the
Q value. Before the PMF analysis, both the concentration file and uncertainty file were inserted into
the model. In this study, uncertainties of 20% for parent PAHs and 15% for nitro-PAHs were
adopted based on the results from QA/QC, respectively.

During the PMF analysis, the model was run for 3—7 factors and was always with random seeds.
Finally, the five-factor solution was adopted for further discussion in this study. The 5-factor results
adopted in this study were based on: 1) The correlation between the model estimated
concentrations and the measured concentrations was highest for 5-factor result (See Figure $2).

Besides, Q is the weighted sum of squares of the differences between the PMF output and the

measured concentration, and PMF aims to minimize the Q value. This solution produced Q values



(both robust and true) close to the theoretical Q value (deviation <4%), indicating the appropriate
uncertainties provided for PAHs data sets in the modeling input. Although lower Q values could be
obtained when adding more factors (6 or more), more factors resulted in no substantial
improvement in the ability to interpret the factor profiles (See the figure S3-5). Thus, 5-factor
solution was adopted which gave the most stable results and the easily interpretable sources by
comparing to the source profiles from acknowledged references in China. (2) The potential PAH
sources also provide important support to the 5-factor results. According to the PAH emission
inventory of China, biomass burning (>40%), coal combustion and vehicular emission contributes
over 90% of total PAH emission (Xu et al., 2006). Residential emissions were significant contributed
to PAHs in the urban area. Secondary formation was important source of nitro-PAHs in the urban
area.

Even without consideration the Q value, for the PMF analysis the 4-factor results merely
divided the PAHs into nitro-PAHs, Nap, low molecular weight PAHs and high molecular. For 6-factor
results, it unable to give the meaningful identification in the light of the possible PAH sources

according to the source profiles comparing with previous studies.



Table S1. Details of sampling information.

Cites

Abbr.

Coordinates

Descriptions

Beijing

39.93N, 116.34E

The sampling site was selected on five-floor rooftop (15 m height) of
the building in National Research Center for Geoanalysis, located at

the central district surrounded by plenty of schools and institutes.

Shanghai

31.29N, 121.50€

The sampling site was selected on five-floor rooftop of the building in
the Handan Campus of Fudan University, surrounded by dwellings and

commercial buildings.

Guangzhou

23.15N, 113.36E

The sampling site was selected on five-floor rooftop of the building in
Institute of Geochemistry, CAS, which is close to the trunk road and

train station, surrounded by dwellings and schools.

Nanjing

32.06N, 118.80E

The sampling site was selected on five-floor rooftop of the building
(Institute of Soil Science, CAS) in the district by a large population
density.

Chengdu

30.64N, 104.08E

The sampling site was selected on rooftop of the building in Institute
of Mountain Hazards and Environment, CAS, which is surrounded by

dwellings.

Wuhan

30.53N, 114.37¢

The sampling site was selected on five-floor rooftop of the building in
Wuhan University, which is surrounded by parks, dwellings and schools,

far from the trunk road.

Xinxiang

35.33N, 113.91E

The sampling site was selected on five-floor rooftop (15 m height) of
the building in Henan Normal University, surrounded by plenty of

factories.

Lanzhou

36.05N, 103.86E

The sampling site was selected on eight-floor rooftop of the building
in Lanzhou University, which is surrounded by mountains on the north

and south.

Taiyuan

37.54N, 112.33E

The sampling site is selected on nine-floor rooftop of the building in
China Institute for Radiation Protection, surround by dwellings and

commercial buildings




Annex to Table S1.

Season City No. Sampling date

Autumn Beijing B31 2013/10/22
B32 2013/10/29

B33 2013/11/07

B34 2013/11/12

Chengdu 31 2013/10/22
(32 2013/10/29

(33 2013/11/05

(34 2013/11/12

Lanzhou L31 2013/10/23
L32 2013/10/29

L33 2013/11/05

L34 2013/11/12

Wuhan W3l 2013/10/17
W32 2013/10/22

W33 2013/10/29

W34 2013/11/05

Taiyuan 131 2013/10/22
132 2013/10/29

133 2013/11/05

134 2013/11/12

Xinxiang X31 2013/10/22
X32 2013/10/29

X33 2013/11/05

X34 2013/11/12

Guangzhou 631 2013/10/22
632 2013/10/30

633 2013/11/05

634 2013/11/12

Nanjing N31 2013/10/20
N32 2013/10/28

N33 2013/11/05

N34 2013/11/13

Shanghai $31 2013/10/22
$32 2013/10/30

$33 2013/11/05

$34 2013/11/13




(Continued)

Season City No. Sampling date

Winter Beijing B41 2013/12/30
B42 2014/01/06

B43 2014/01/13

B44 2014/01/20

Chengdu 4 2013/12/30
(42 2014/01/06

(43 2014/01/13

(44 2014/01/20

Lanzhou L41 2013/12/30
L42 2014/01/06

L43 2014/01/13

L44 2014/01/20

Wuhan w4l 2013/12/30
W42 2014/01/02

w43 2014/01/1

W44 2014/01/20

Taiyuan T4 2013/12/30
142 2014/01/06

143 2014/01/13

T44 2014/01/20

Xinxiang X41 2013/12/30
X42 2014/01/06

X43 2014/01/13

X44 2014/01/20

Guangzhou 641 2013/12/31
642 2014/01/06

643 2014/01/13

644 2014/01/19

Nanjing N41 2013/12/31
N42 2014/01/06

N43 2014/01/14

N44 2014/01/19

Shanghai 4 2013/12/30
§42 2014/01/06

$43 2014/01/13

S44 2014/01/20




(Continued)

Season City No. Sampling date

Spring Beijing BI1 2014/04/13
B12 2014/04/20

BI3 2014/04/27

B14 2014/05/04

Chengdu a 2014/03/30
a2 2014/04/06

a3 2014/04/13

(14 2014/04/20

Lanzhou LI 2014/03/30
L12 2014/04/06

L13 2014/04/13

L14 2014/04/20

Wuhan Wil 2014/04/06
W12 2014/04/13

W13 2014/04/2

W14 2014/04/27

Taiyuan T 2014/03/30
T2 2014/04/06

T3 2014/04/13

T4 2014/04/20

Xinxiang X1 2014/03/29
X12 2014/04/06

X13 2014/04/13

X14 2014/04/20

Guangzhou G611 2014/03/30
612 2014/04/06

G613 2014/04/13

614 2014/04/20

Nanjing NT1 2014/03/28
N12 2014/04/05

N13 2014/04/14

N14 2014/04/19

Shanghai ST 2014/03/23
S12 2014/03/30

S13 2014/04/06

S14 2014/04/13




(Continued)

Season City No. Sampling date

Summer Beijing B21 2014/08/03
B22 2014/08/10

B23 2014/08/17

B24 2014/08/24

Chengdu 1 2014/06/28
(22 2014/07/05

(23 2014/07/12

(24 2014/07/18

Lanzhou L21 2014/06/28
122 2014/07/05

L23 2014/07/12

124 2014/07/19

Wuhan W21 2014/07/12
W22 2014/07/19

W23 2014/07/23

W24 2014/07/26

Taiyuan 121 2014/06/23
122 2014/06/28

123 2014/07/05

124 2014/07/12

Xinxiang X21 2014/07/19
X22 2014/07/24

X23 2014/07/29

X24 2014/08/01

Guangzhou 621 2014/06/22
622 2014/06/28

623 2014/07/05

624 2014/07/12

Nanjing N21 2014/06/28
N22 2014/07/04

N23 2014/07/12

N24 2014/07/19

Shanghai S21 2014/06/28
§22 2014/07/05

§23 2014/07/12

$24 2014/07/20




Table S2/1. Concentrations of parent PAHs in PM2.5 from the atmosphere of Chinese cites (ng/m3).

Nap FH Phe Ant Flu Pyr BaA CHr BbF BkF BaP IP DBA  BghiP
Beijing
BI11T 032 053 153 027 512 458 418 550 841 171 337 462 013 355
B12 028 039 251 0.8 3.46 319 262 272 647 189 252 308 031 257
B13 018 025 091 0.06 1.50 146 106 091 307 073 117 177 0.1 1.37
B4 049 048 1.06 0.24 1.75 102 085 104 114 044 069 049 013 0.1
B21 012 014 023 0.2 0.41 033 043 053 09 033 052 043 011 039
B22 029 015 027 0.01 0.43 032 044 052 099 016 052 044 011 049
B23 002 014 019 0.03 0.43 040 057 059 099 047 033 044 010 044
B24 010 014 023 0.01 0.52 048 058 067 099 042 058 042 010 0.28
B31 019 033 1.00 020 4.37 447 627 971 10,63 410 570 062 016 0.14
B32 022 032 134 025 427 356 440 436 514 066 101 047 012 0.1
B33 025 014 048 020 1.55 125 136 194 172 036 093 044 011 010
B34 001 015 237 015 1016 10.08 876 1247 1195 261 578 045 011 0.1
B41 000 023 275 027 7.05 500 276 268 436 086 156 203 028 1.38
B42 095 1.19 2078 298 68.07 66.81 37.19 96.40 6052 1011 3222 27.07 357 28.04
B43 002 023 335 049 1155 10.08 1223 1460 1697 342 682 625 055 4T
B44 003 024 675 118 3214 3294 2934 5098 239 2341 21.89 1503 1.66 11.55
Chengdu
(1003 015 059 013 1.88 1.97 211 189 703 132 252 445 033  3.63
(12 007 015 035 011 1.40 1.3 1.7 107 432 095 149 28 023 235
(3 o011 014 025 0.08 0.72 066 129 070 257 081 156 1.82 0.21 1.36
(14 016 014 032 0.07 0.60 062 044 011 026 015 034 043 010 0.10
(1 o001 013 021 0.0 0.42 038 044 044 106 035 056 040 010 047
(22 003 015 0.02 0.2 0.46 044 065 067 028 028 038 045 011 0.0
(23 014 014 024 0.7 0.56 045 08 071 226 037 084 121 011 091
@31 nd 016  0.69  0.08 1.86 195 209 243 513 135 207 046 011 024
(32 005 014 075 0.1 2.50 247 190 274 485 1.03 165 044 011  0.64
(33 004 015 041 0.4 1.39 142 167 155 416 107 125 044 010 025
(34 005 014 027 0.03 0.85 081 072 062 1.41 057 076 042 010 0.0
41 006 019 115 202 5.38 486 438 426 1046 203 477 242 034 246
(42 003 014 144 0.06 519 496 497 666 874 140 482 346 029 277
43 nd 015 085 0.07 2.90 263 494 455 282 119 150 186 020 1.30
(44 008 015 078 0.03 3.03 302 265 354 561 1.8 240 276 031  2.08
Guangzhou
GIT 080 020 0.67 0.16 0.97 1.6 125 318 557 182 215 334 035 335
612 004 020 053 0.03 0.72 071 071 077 209 072 099 063 016 0.4
GI3 008 019 0.60 0.08 0.50 057 063 069 3.01 064 097 253 020 1.96
Gl4 004 023 054 0.6 0.51 052 05 055 239 084 084 206 014 1.60
621 019 018 039 0.3 0.49 049 074 048 180 060 085 053 013 0.2
622 020 018 035 0.2 0.41 028 056 018 038 018 042 054 013 0.2
623 003 018 038 0.7 0.50 060 060 047 289 069 152 141 012 116
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624 021 018 026 0.1 0.33 031 043 037 127 023 074 110 013 119
631 037 042 086 025 1.29 137 185 182 581 1.00 264 174 015 157
632 0.06 018 044 0.03 0.91 098 082 099 195 087 08 1.76 013 1.03
633 nd 012 012 0.02 0.28 037 032 0206 042 023 032 038 009 0.09
641 026 041 361 033 1 618 530 773 1261 259 559 730 055 593
642 0.07 023 112 0.07 2.09 1.86 206 237 384 113 172 061 015 045
643 nd 017 070 0.08 1.76 1.97 091 126 321 093 133 185 013  1.05
644 011 028 221 0.09 4.77 441 209 222 174 066 077 056 014 013
Lanzhou

L 032 014 128 022 411 389 196 278 441 165 113 043 010 0.10
L12 015 014 049 0.08 1.97 190 120 206 250 055 093 044 011  0.68
L13 002 020 099 021 3.38 332 363 345 781 215 279 318 049 262
L14 007 016 041  0.08 1.53 1.7 1.41 134 361 061 129 183 012 156
L21 007 015 024 0.02 0.40 025 052 057 128 046 040 048 011 0.19
122 007 016 0.60 0.09 1.57 149 147 201 333 099 130 154 024 1.2
123 023 016 093 0.04 2.02 1.96 191 253 423 110 159 048 011 037
124 020 029 022 027 0.55 0.51 151 251 123 114 127 122 064  0.60
L31 007 014 136 0.12 6.18 640 448 484 528 136 222 044 011 0.0
132 009 015 125 020 7.46 850 832 1066 1423 262 678 246 027 241
L33 023 031 087 026 1.20 720 624 940 1293 253 337 441 057 3.5
L41 0.04 159 3252 478 8265 7441 3516 3349 5558 3859 043 2134 235 1638
142 039 1.88 4213 540 9778  91.02 4345 89.06 7698 5497 3237 2495 2.83 20.06
143 043 044 50.01 11.33 12247 106.01 19.36 3047 6198 20.68 4427 096 035 2343
144 043 074 11.61 276 4149 3899 1292 1820 2507 439 1157 1399 2.07 11.01
Nanijing

NIT 009 013 019 0.04 0.40 039 048 038 098 032 046 040 010 0.32
NI2 002 0.21 154 016 297 222 220 325 467 088 203 220 009 171
NI3 013 012 024 0.10 0.56 059 061 071 154 067 077 090 009 085
N14 0.00 014 010 0.01 0.26 018 026 026 062 028 034 043 010 0.0
N21 0.08 014 021 0.07 0.84 064 064 055 138 078 094 043 011 0.4
N22 0.00 013 0.09 0.02 0.27 024 039 03 025 030 031 040 010 0.09
N23 018 013 022 024 0.49 043 1.00 112 238 1001 133 038 010 045
N24 0.07 013 024 0.06 0.39 032 110 102 1.03 070 078 096 049 056
N3 nd 0.14 049 0.1 1.1 112 040 045 246 022 089 079 011 044
N32 020 033 079 022 1.43 145 159 222 310 081 128 229 0.2 1.64
N33 019 013 059 0.5 1.52 153 166 221 383 069 150 166 009 117
N4T 009 017 393 020 9.20 861 472 651 834 177 312 401 037  4.08
N42 008 033 161 017 3.96 362 382 475 774 124 237 404 030 3.38
N43 011 025 1.36 021 3.06 226 203 307 411 100 168 226 020 1.45
N44 020 045 439 554 1030 828 433 639 818 159 329 186 049 2.09
Shanghai

S1T 010 013 044 007 0.92 072 068 076 1.4 035 054 085 0.09 047
SI12 nd 014 022 027 0.81 072 030 034 213 036 060 074 0.0 040
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S1I3 034 015 034 0.06 0.69 052 044 064 128 038 051 043 010 023
S14 004 014 012 0.02 0.41 03 037 046 157 051 048 043 010 048
s21 008 0.4 021 0.02 0.32 029 028 019 027 015 036 043 010 0.0
$22  nd 014 012 0.01 0.26 012 047 019 027 016 033 042 010 0.10
$23  nd 015 013 0.02 0.24 016 026 018 0.64 031 036 044 011 0.0
s31 003 012 010 003 0.23 016 033 029 089 020 029 036 0.09 036
$32 001 013 036 006 0.64 054 087 111 222 078 098 168 013 1.06
$33  nd 017  0.07 0.07 0.88 107 022 028 032 019 042 058 014 012
$41 019 040 936 056 1823 1461 843 11.34 1565 3.09 705 795 059 652
$42 nd 012 146 1.84 2.90 212 137 138 267 020 049 038 0.09 0.09
Taiyuan

T 072 074 29 043 9.40 743 510 653 922 183 391 248 013 255
T2 017 040 596 053 1396 1068 792 1054 1313 241 513 312 053 298
T3 103 073 626 0.60 2004 1539 1666 4747 3231 619 981  9.61 1.44 10.08
1 020 026 1.04 0.09 2.68 218 186 191 493 123 203 239 033 179
12 029 041 093 023 2.65 212 178 245 729 1.4 164 3.02 086 225
123 024 040 081 023 2.67 .74 2711 262 294 063 114 046 012 0.11
124 018 0.16 069 0.06 2.02 1.67 110 134 245 074 1.0 1.30  0.11 086
1 037 044 705 971 3229 2442 3289 5158 4876 7.20 1236 1157 124 10.77
132 086 1.41 1556 1.57 6037 51.32 5123 89.43 93.14 66.39 4348 3456 337 3444
133 012 045 1425 113 4901 4159 3543 52.99 6289 1273 2597 2499 317 23.01
T34  nd 017 952 1202 2549 2082 1193 1516 2060 382 923 630 0.76 6.77
4 016 2.08 5625 623 10313 79.63 3215 33.09 5882 42.06 29.81 2271 346 2420
T42 002 1.09 3780 6.03 9526 82.30 36.49 4545 6407 1455 36.33 2829 3.08 25.80
T43 002 277 6271 10.84 12050 93.61 3276 33.56 5834 811 371 2149 294 12175
T44 005 068 630 083 1603 11.72 439 430 725 154 292 317 058 281
Wuhan

Wit 014 011 046 005 2.72 232 183 1.1 412 088 168 176 029 1.62
Wiz 003 009 012 001 0.69 058 075 076 210 052 046 027 0.07 030
W13 nd 009 026 0.04 1.51 1.05 110 099 158 040 039 027 006 0.06
wi4 013 009 043 0.02 0.79 063 050 1.14 1.70 062 040 063 0.07 034
w21 006 008 025 0.01 0.58 047 035 041 1.4 040 074 117 012 079
w22 016 009 038 0.09 0.92 088 066 085 215 049 1.04 090 0.15 080
W23 nd 0.09 030 037 0.51 039 016 016 1.40 014 051 028 007 029
W3l nd 013 097 007 3.92 333 219 259 497 1N 168 165 016 1.36
w3z 003 010 1.14  0.09 4.02 314 247 317 160 113 159 013 003 034
W33 006 008 065 0.08 1.59 136 172 198 330 059 079 026 006 032
w34 003 008 053 0.03 1.73 151 306 391 871 143 167 364 034 333
war 002 013 130 0.7 3.55 319 248 263 513 081 241 1.09 0.11 1.05
W42 nd 010 145 015 4.45 376 798 1012 384 407 812 371 033 304
w43 060 1.02 495 219 1126 937 568 1384 1507 212 272 029 011 386
Xinxiang

X1 nd 014 105 132 3.70 329 301 374 7a7 164 184 272 012 236
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X12 nd 015 0.68 085 2.84 250 261 299 738 175 220 097 012 1.08
X13 014 014 038 0.0 0.89 0.81 124 078 281 064 1.7 045 001 030
X21 027 016 065 0.16 1.56 150 113 145 367 083 178 153 025 135
X22 0.03 038 088 0.76 3.44 295 234 318 666 473 194 057 011 026
X23 nd 016 053 0.72 0.90 115 098 106 347 231 233 1.09 011 097
X31 018 042 237 043 1418 1568 1616 3272 28.75 649 1455 732 110 795
X32 010 024 168 0.09 1.50 654 752 843 1759 384 619 597 042 595
X41 049 072 1067 1347 3198 2555 2253 4055 2826 2048 8.05 819 0488 757
X42 nd 040 11.10 1.07 3226 2529 2357 2913 501 2288 993 1220 0.99  9.34
X43 0.06 022 789 078 3693 3233 1956 21.79 042 19.62 052 1326 1.25 1082
X44 044 074 361 056 1221 979 659 813 954 189 349 442 028 399
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Table $2/2. Concentrations of nitro-PAHs in PM2.5 from the atmosphere of Chinese cites (pg/m3).

In-Nap 2n-Nap 5n-Ace  2n-Fl  9n-Phe  3n-Phe 9n-Ant  2n-Ant  3n-Flu  1In-Pyr  7n-BaA  6n-Chr

Beijng

B11 101.7 2520 34.6 29 6.0 236 6273 87.3 46.5 34.6 54.1 32
B12 99.7  225.0 18.4 1.0 2.1 203 4587 2351 29.0 26.7 28.9 3.0
B13 99.0 2225 18.0 1.0 2.0 199 1585 1446 29.2 26.7 28.1 29
B14 109.0 2446 20.3 1.2 23 223 1715 2162 32.3 29.3 30.4 35
B21 98.4 2204 17.9 1.0 13.5 195 1519 43.6 28.4 26.2 21.5 2.8
B22 100.2  226.7 18.4 1.1 8.0 203 1556 48.9 29.8 29.1 28.8 3.0
B23 98.0 2203 17.9 1.1 9.0 194 1518 19.7 28.4 259 274 29
B24 96.0 2152 17.5 1.0 1.5 190 1503 19.1 21.6 25.6 26.9 2.8
B31 141.4  308.3 25.3 49 114 322 7135 55.3 429 42.1 40.8 43
B32 106.6  239.2 19.5 1.1 9.5 215 1971 23.7 315 29.1 30.7 3.2
B33 98.1 2203 18.0 2.3 2.0 204 1587 20.5 29.0 26.4 21.8 2.9
B34 1023 2288 19.0 1.1 31 213 8537 26.4 31.2 21.6 29.1 31
B41 97.3 2192 18.2 3.8 2.0 203 1911 22.1 28.4 26.6 21.1 2.8
B42 103.3  225.2 212 1.8 31 337 59819 26.1 33.8 3.7 33.3 3.3
B43 108.8 2324 19.2 5.8 3.0 216 1038.6  343.0 31.0 29.6 313 3.2
B44 975 2173 178 120 1.3 346 21063 642 162.7 33.3 28.3 29
Chengdu

an 105.0 2377 19.2 1.0 2.1 212 3885 215 3.4 28.7 29.2 31
12 1044 2303 18.8 1.0 2.1 204 2454 20.6 29.5 21.3 28.4 3.0
a3 100.4 2224 18.1 1.0 42 196 1817 19.9 28.6 26.1 219 2.9
(14 96.7 2151 17.5 1.0 1.9 19.1  148.6 19.0 27.8 25.5 26.9 2.8
2 90.5 2027 16.4 0.9 1.8 18.2  140.2 18.3 26.2 239 25.6 2.6
(22 1005 2265 18.5 1.0 2.0 205  160.4 20.2 29.2 26.9 28.2 2.9
(23 97.8 2197 179 1.0 49 196 1594 19.3 28.2 25.9 21.3 2.8
K] 1049 2358 19.2 1.1 22 21.3 1803 22.2 319 219 29.6 31
(32 99.6 2208 18.1 1.7 2.0 20,1 1546 20.6 28.7 26.7 28.3 29
(33 98.6  221.8 18.2 1.0 2.0 19.7 1540 20.1 29.3 26.2 274 29
(34 959 2139 17.5 1.0 1.9 194 1478 19.2 27.8 25.6 21.2 2.8
4 98.6 2228 18.3 35 2.7 203 203.1 20.7 29.2 29.1 28.4 29
42 96.1  218.1 19.2 1.1 1.9 19.9 5503 20.5 28.4 26.2 21.1 29
43 1026  229.8 18.9 1.0 2.1 209 4814 236.6 3.4 28.8 29.6 3.0
(44 100.3 2229 43.0 1.0 2.0 209 4053 20.1 29.7 26.8 29.1 29
Guangzhou

GI1 139.0 3039 249 14 8.5 212 2145 21.5 40.0 37.0 38.3 4.0
612 1421 320.6 25.7 14 29 282 2169.8 28.2 41.2 37.8 39.8 4.1
613 130.2 2910 23.7 1.3 12.6 26.0 20135 26.2 37.8 34.4 36.2 3.8
614 118.9  508.9 21.7 1.2 32.8 240 1992.6 24.8 34.3 88.4 33.7 3.4
621 119.8 2704 219 1.2 10.9 242 8575 245 35.0 32.2 334 35
622 121.8  273.7 22.3 1.3 174 243 7367 242 35.1 32.2 33.8 35
623 117.8  266.4 21.6 1.2 10.0 23.6  1002.6 24.4 34.3 315 33.3 3.4
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624 1218 2724 22.2 1.2 213 243 6532 244 35.3 32.1 34.4 3.5
631 137.7  309.6 249 1.9 52 215 290.1 28.6 412 455 41.2 43
632 125.6 2825 23.0 1.2 43 251 1949 25.0 36.6 334 35.4 3.6
633 85.7 1932 15.7 0.9 5.1 173 366.6 17.1 253 2238 242 25
641 126.8  284.7 234 14 3.0 258 1101.6 26.5 37.3 34.0 35.8 3.8
642 138.1  309.2 25.1 14 2.8 21,7 2159 278 39.9 37.1 38.3 4.1
643 119.6  271.0 219 1.2 24 241  208.8 23.7 34.9 31.9 33.5 3.5
644 128.3  290.0 233 2.0 58 260 1988 25.7 37.0 33.7 36.0 3.7
Lanzhou

L11 96.6  215.1 18.0 1.0 115 204 1504  126.6 28.6 255 30.8 29
L12 975 2198 18.0 1.0 3.6 19.6  260.2 19.9 29.5 26.1 27.8 29
L13 1259 2819 23.0 3.5 25 257 1978 259 36.6 33.7 35.4 3.7
L14 106.6  236.2 19.3 1.1 2.1 21,7 1685 21.6 30.9 28.5 30.0 31
L21 107.4 2415 19.6 1.1 4.6 215 166.6 21.4 31.4 28.5 30.5 31
L22 102.3 2283 18.6 1.0 1.1 210 1592 21.0 29.6 219 28.3 3.0
L23 107.4 2354 19.5 1.0 22 212 2332 214 30.8 28.1 30.2 3.1
L24 1002 226.6 18.5 1.0 14 205  157.0 20.2 29.5 21.2 29.8 29
L31 99.8 2241 18.2 4.7 2.1 209 2405 21.1 30.6 26.8 28.7 3.2
L32 103.0  227.0 18.8 6.6 22 228  686.8 20.9 31.6 28.1 30.1 3.0
L33 1008 2253 18.5 1.1 2.0 22.7  861.8 21.2 29.2 27.0 33.2 29
L41 100.6 2258 219 350 1.9 303  855.6  205.0 37.0 28.2 35.6 3.2
L42 99.6 2227 311 324 1.2 48.6 4491 206 1265 67.1 28.5 3.0
L43 398.1 4387 55.8 28 10.7 941 8103 1634 97.8  109.6 83.6 105
L44 949 250 188 117 24 32.2  1386.0 235 40.7 28.2 26.5 3.0
Nanijing

NT1 90.2  204.0 16.5 0.9 10.8 179  146.8 18.2 26.3 24.0 25.1 2.6
N12 889 1982 16.1 1.2 6.6 179 1869 17.7 25.8 234 254 2.6
NI13 87.0  195.0 15.9 0.9 6.0 175 139.1 174 253 232 244 2.5
NT4 972 284 17.7 1.0 52 19.3 1509 19.3 28.0 25.7 26.9 2.8
N21 96.1  217.0 17,5 1.0 10.4 193 1705 20.0 278 255 215 2.8
N22 90.7 2033 16.6 0.9 1.2 18.0 1465 18.0 26.7 242 253 2.6
N23 87.8 1987 15.9 0.9 19.1 177 1378 18.1 253 2.1 242 2.5
N24 89.5 2005 16.3 0.9 12.1 17.8 1472 17.7 26.0 2.7 25.1 2.6
N31 958  216.0 17.6 1.0 1.9 192 1504 19.7 28.5 25.6 21.3 2.8
N32 100.1 2230 18.3 1.0 2.0 203 1548 20.0 29.1 21.3 28.0 29
N33 86.4 1922 15.7 0.8 1.8 174 2190 17.5 25.7 2.1 24.3 2.6
N41 833 1859 18.5 3.7 1.7 182  701.2 17.1 247 22.4 24.2 2.6
N42 96.3 2163 17.5 1.0 2.1 196 6253 20.5 29.0 26.2 21.2 29
N43 86.9 1955 16.1 2.0 1.8 17.7 - 199.1 17.5 25.4 23.2 25.0 25
N44 91.8 2054 16.9 2.5 1.9 19.1 4336 18.2 26.9 244 258 27
Shanghai

ST 87.2 1955 15.9 0.9 3.4 177 1355 17.6 25.6 23.0 24.1 2.5




S12 99.0 2191 18.0 1.1 3.7 19.6  156.6 19.3 28.5 25.9 21.1 2.8
S13 97.0 2182 17.8 1.0 2.0 19.6  149.6 19.4 28.2 25.9 27.0 2.8
S14 97.1  N71.1 17.8 1.0 2.0 19.8 1532 19.4 28.5 26.0 27.0 2.8
$21 969  221.1 17.8 1.0 10.4 202 1565 20.4 28.4 26.1 213 2.8
§22 959 2165 17,5 1.0 55 19.0 148.7 19.5 278 255 26.6 2.8
§23 1002 2259 18.2 1.0 16.2 19.8 1668 20.1 29.0 26.6 21.7 29
$31 90.0  202.6 16.5 0.9 1.8 179 140.6 18.2 26.1 239 253 2.6
$32 89.8 1998 16.1 0.9 1.8 175 139.7 17.8 258 23.6 25.2 2.6
$33 1169  261.7 1.3 1.2 25 257  210.6 259 34.6 31.3 33.9 3.9
$41 90.7  201.0 16.6 57 1.9 18.4  706.5 19.2 314 255 25.6 2.6
§42 84.7  190.6 15.5 1.8 1.7 172 1341 17.0 24.7 225 23.6 2.5
Taiyuan

T 1042 2345 19.1 2.6 12.5 210  505.6 21.0 314 28.4 295 3.1
T12 101.9 2299 18.8 3.6 11.1 214 8194 20.5 324 21.2 29.7 3.0
T3 1528 3364 21.6 1.5 19.2 299 12353 30.5 45.2 48.2 42.5 45
121 95.6 2134 17.3 1.0 36.9 192 72142 19.1 21.6 255 27.1 2.8
122 103.0  230.6 18.8 1.0 39.5 20.6 2005 20.7 29.8 215 29.1 3.0
123 1040 2342 19.2 1.0 49.3 209 1645 21.1 30.4 278 29.3 3.0
124 101.4  229.0 18.5 1.0 63.2 205  160.8 20.5 294 27.1 28.3 29
T31 103.8 2329 19.3 4.0 10.5 22.1 24715 21.2 34.3 29.1 30.3 3.1
132 220.8  406.5 455 147 296  196.6 26543 1046 129.7  427.7 96.5 517
133 91.5 1221 18.3 8.6 6.8 399  2479.1 21.1 62.3 444 35.3 3.0
T34 99.9 2251 18.8 5.1 42 26.1 1081.2 20.6 34.1 21.1 28.6 3.1
T41 1044 2333 212 145 1.5 721 2829 245 61.9 72.8 34.4 3.5
142 103.8 2364 201 129 1.5 472 4855 21.7 449 46.9 34.5 3.1
T43 106.7 2210 21.3 1.1 12.6 538 32815 20.9 62.0 44.1 29.7 3.5
T44 87.6 2035 16.2 3.4 3.7 200 2948 18.4 29.3 245 24.7 2.5
Wuhan

Wil 588 1324 11.6 0.6 4.4 120 4115 11.8 17.3 15.8 16.7 1.7
wi2 603 1393 11.0 0.7 3.3 12.2 94.5 12.1 17,5 15.9 16.7 1.7
Wi3 60.2 1346 11.1 0.7 438 11.9 93.3 12.1 174 15.8 16.7 1.8
wi4 620 1392 11.3 0.6 438 12.3 96.5 12.3 17.9 16.4 17.1 1.8
w21 552 123.0 10.1 0.5 26.0 10.9 87.2 10.9 15.8 14.6 15.3 1.6
w22 60.5 1333 10.9 0.6 13.6 11.9 92.2 11.8 17.2 15.8 16.6 1.7
w23 61.7 1384 11.3 0.6 28.6 123 1134 12.4 17.9 16.3 174 1.8
w3l 574 1280 10.4 0.6 8.0 1.7 419.2 11.4 16.7 155 15.8 1.6
W32 29.8 66.6 54 0.3 3.9 6.0 3129 6.1 8.7 8.2 8.5 0.9
W33 568 1285 10.4 0.6 3.0 1.6 2629 11.4 16.7 15.1 15.9 1.6
W34 29.6 66.5 54 0.7 2.8 6.0  290.1 59 9.4 8.4 8.8 0.9
W41 560 126.3 14.2 2.4 1.9 13.6 1981 12.2 18.8 24.8 16.3 1.7
w42 59.7 1334 11.3 29 1.3 11.9 11298  247.1 17.7 15.7 17.3 1.7
W43 67.4  138.6 14.8 0.8 1.6 244 3535 34.2 36.9 26.4 26.5 2.6
Xinxiang
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X11 1004 2295 18.4 1.0 2.0 713 2975 20.3 29.2 26.6 28.1 29
X12 101.4 2310 18.5 1.0 28 207 1975 21.0 29.1 21.8 29.0 29
X13 1029  229.7 18.6 1.0 2.0 202 1621 20.2 295 21.0 28.5 29
X21 101.8  228.7 18.4 1.0 3.9 204 157.6 20.3 29.3 26.8 28.0 29
X22 943 2127 17.3 1.0 1.9 189  153.6 19.1 21.5 25.2 26.9 2.1
X23 96.7 2184 17.7 1.0 2.0 194 1539 19.9 28.3 25.8 21.2 2.8
X31 953 2133 17.7 1.0 4.0 208 18413 21.1 32.3 54.8 30.2 29
X32 99.7 2248 18.2 1.1 25.5 2.0 9745 20.7 30.9 28.1 28.2 29
X4 958 21338 17.9 1.2 212 19.6  1409.6 20.4 30.9 58.7 313 2.8
X42 1029 2232 188 101 23 247 22558 50.6 36.3 21.3 29.9 29
X43 100.8 2284 195 165 55 215 7103 229 34.8 21.6 29.1 3.2
X44 954 2715 42.0 41 21 194 6503 20.0 32.9 25.8 21.2 28
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Table S3. List of target compounds and relative potency of individual PAHs compared with B[a]P (TEF values), according to different

references

Compound Abbr. TEF.

parent-PAHs

Naphthalene NAP - 0.001b 0.001¢
Acenaphthylene AC - - 0.001¢
Acenaphthene ACE - 0.001® 0.001¢
Fluorene FL - 0.001b 0.001¢
Phenanthrene PHE - 0.001b 0
Anthracene ANT 0.0005¢ 0.01" 0
Fluoranthene FLU 0.0005¢ 0.001b 0.08¢
Pyrene PYR 0.05¢ 0.001® 0c
Benz[a]anthracene BaA 0.001¢ 0.1b 0.2¢
Chrysene CHR 0.005¢ 0.010 0.1¢
Benzo[b]fluoranthene BLF 0.03 0.10 0.8
Benzo[k]fluoranthene BkF 0.20 0.1b 0.03
Benzo[a]pyrene BaP Jo 1b Ic
Dibenz[a,h]anthracene DBA Jo 1b Ic
Indeno[1,2,3-cd]pyrene IP 0.05¢ 0.10 0.07¢
Benzo[g,h,i]perylene BghiP 0.1 0.01® 0.01¢
Nitro-PAHs TEFE.
1-Nitronaphthalene IN-NAP

2-Nitronaphthalene IN-NAP

5-nitroacenaphthene 5N-ACE 0.03¢

2-Nitrofluorene IN-FL 0.01¢

3-Nitrophenanthrene 3N-PHE

9-Nitrophenanthrene IN-PHE

2-Nitroanthracene IN-ANT

9-Nitroanthracene IN-ANT

3-Nitrofluoranthene 3N-FLU

1-Nitropyrene IN-PYR 0.14

T-Nitrobenz(a)anthracene N-BaA

6-Nitrochrysene 6N-CHR 104

a Larsen JC, Larsen PB. 1998. Chemical carcinogens. In: AirPollution and Health (Hester RE, Harrison RM eds). Cambridge, UK: The
Royal Society of Chemistry, 33-56.

b USEPA. 2010. Development of a Relative Potency Factor (RPF) Approach for Polycyclic Aromatic Hydrocarbon (PAH) Mixtures (External
Review Draft). EPA/635/R-08/012A. Washington, DC.

¢ Schoeny R and Poirier K. 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons.
EPA/600/R-93/089 (NTIS PB94116571). Washington, DC.

d Bostrom CE, Gerde P Hanberg A, Jernstrom B, Johansson C, Kyrklund T, Rannug A, Tornquist M, Victorin K, Westerholm R. 2002.
Cancer risk assessment, indicators, and guidelines for polycyclic aromatic hydrocarbons in the ambient air. Environ Health Perspect,
110 Suppl 3:451-88.
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Table 4. paticle-bound nitro-PAHs concentrations (pg/m3) at selected geographic locations.

name of site nPAHs range (pg/m3) PM2.5/TSP reference

Chinese cites In-Nap  29-400 (100 + 34) PM2.5 in this study

Chinese cites In-Nap  66-510(220 £ 57) PM2.5 in this study

Chinese cites Sn-Ace 5.4-56(19%6.3) PM2.5 in this study

Chinese cites In-Fl <1-35(2.8 £ 4.38) PM2.5 in this study

Chinese cites 9n-Phe  1.3-63(7.6 £9.6) PM2.5 in this study

Chinese cites 3n-Phe  6.0-200 (23 = 18) PM2.5 in this study

Chinese cites In-Ant  5.9-340 (36 £ 52) PM2.5 in this study

Chinese cites 9n-Ant  87-6000 (560 = 800) PM2.5 in this study

Chinese cites 3n-Flu 8.7-160 (33 £ 19) PM2.5 in this study

Chinese cites In-Pyr  8.2-430(33 £+ 37) PM2.5 in this study

Chinese cites In-BaA  8.5-96(29£9.8) PM2.5 in this study

Chinese cites 6n-Chr  <1-10(2.910.9) PM2.5 in this study

Taiyuan, China n-Fl 19411 PM2.5 Lietal, 2014

Taiyuan, China 9n-Ant  118+21 PM2.5 Lietal, 2014

Taiyuan, China In-Pyr  309£135 PM2.5 Lietal, 2014

Northern Mexico city 9n-Phe  13.7 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city 3n-Phe  14.7 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city 9n-Ant  45.7 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city 2n-Flu 41.7 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city 3n-Flu 3.1 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city In-Pyr 10.9 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city Tn-BaA  16.3 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Northern Mexico city 6n-Chr 1.7 (pg/m3, Median) PM2.5 Valle-Herndndez et al, 2010
Cordoba, Argentina In-Nap  17.29-18.96 TSP Carreras, et al., 2013
Cordoba, Argentina 2n-Nap  15.89-17.43 TSP Carreras, et al., 2013
Cordoba, Argentina 9n-Ant  28.07-56.50 TSP Carreras, et al., 2013
Cordoba, Argentina 9n-Phe  21.04-42.80 TSP Carreras, et al., 2013
Cordoba, Argentina 3n-Phe  30.69-45.09 TSP Carreras, et al., 2013
Cordoba, Argentina 3n-Flu 25.36-27.81 TSP Carreras, et al., 2013
Cordoba, Argentina In-Pyr 24.57-35.74 TSP Carreras, et al., 2013
Cordoba, Argentina Tn-BaA  23.04-28.40 TSP Carreras, et al., 2013
Cordoba, Argentina 6n-Chr 14.72-16.14 TSP Carreras, et al., 2013
Marseilles area, France Tn-pyr  60.7(14.9-222.1) TSP Albinet et al., 2007
Marseilles area, France Tn-BaA  3.8(0.2-9.9) TSP Albinet et al., 2007
Marseilles area, France 6n-Chr 33.1(0.1-147.5) TSP Albinet et al., 2007
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HCAB, Denmark 9n-Ant 63+ 30 TSP Feilberg et al., 2001

HCAB, Denmark 3n-Flu 39+120 TSP Feilberg et al., 2001
HCAB, Denmark Tn-Pyr 127 + 44 TSP Feilberg et al., 2001
Tokyo, Japan In-Pyr  8-36 fmol/m3 TSP Kojima et al., 2010
Tokyo, Japan n-Flu  71-196 fmol/m3 TSP Kojima et al., 2010
Madrid, Spain 3n-Phe 17.5(7.4-46.6) PM10 Barrado et al., 2013
Madrid, Spain 9n-Phe 19.8 (11.6-64.4) PM10 Barrado et al., 2013
Madrid, Spain Tn-Pyr 41.4(17.9-158.7) PM10 Barrado et al., 2013
Madrid, Spain 3n-Flu 20.9 (9.2-63.5) PM10 Barrado et al., 2013
Los Angeles, USA 9n-Ant 11-64 TSP Reisen and Arey, 2005
Los Angeles, USA Tn-Pyr 3-38 TSP Reisen and Arey, 2005
Roadside, UK In-Nap 2224 £ 2908 TSP Alam et al., 2015
Roadside, UK 2n-Nap 1471 +1729 TSP Alam et al., 2015
Roadside, UK 2n-Fl 689 1034 TSP Alam et al., 2015
Roadside, UK In-Ant 406 % 595 TSP Alam et al., 2015
Typical Motorhike city, Vietnam n-Ant 9.31 TSP Thuy et al., 2012
Typical Motorhike city, Vietnam On-Ant  42-552 TSP Thuy et al., 2012
Typical Motorhike city, Vietnam In-Pyr  29-488 TSP Thuy et al., 2012
Typical Motorhike city, Vietnam 6n-Chr 125 TSP Thuy et al., 2012
Typical Motorhike city, Vietnam Tn-BaA  41-214 TSP Thuy et al., 2012
Sugar cane burning region 2n-Nap  nd-1800 TSP Souza et al., 2014
Sugar cane burning region 9n-Phe  nd-6000 TSP Souza et al., 2014
Sugar cane burning region n-Flu  nd-3400 TSP Souza et al., 2014
Sugar cane burning region 3n-Flu nd-610 TSP Souza et al., 2014
Sugar cane burning region 7n-BaA  nd-1700 TSP Souza et al., 2014
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Valle-Herndndez, B. L. et al. Temporal variation of nitro-polycyclic aromatic hydrocarbons in PM10 and PM2.5
collected in Northern Mexico City. Sci. Total Environ. 408, 5429-5438 (2010).
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Figure S1. Percentage composition of 2-, 3-, 4-, 5- and 6- ring PAHs in PM2.5 collected from each
site.
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Figure S2. The relationships between the PMF predicted/modeled Q values for 4-factors, 5-factors
and 6-factors results.
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Figure S3. 5-factor loadings by PMF analysis from parent PAHs and nitro-PAHs data of PM2.5 sample

at nine urban sites across China.
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Figure S4. 4-factor loadings by PMF analysis from parent PAHs and nitro-PAHs data of PM2.5 sample

at nine urban sites across China.
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Figure S5. 6-factor loadings by PMF analysis from parent PAHs and nitro-PAHs data of PM2.5 sample

at nine urban sites across China.
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